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Description

[0001] The present invention concerns new electro-

chemical biosensors based on composite transducers

containing solid binding makers, prepared by incorpo-

rating a biocatalyst into the bulk of said transducers or

by applying a biocatalytic layer onto the surface of said

transducers. The biosensors of the invention are useful

in the detemiinatbn of the corKentration of specific an-

alytes in sample solutions or suspensions.

PRIOR ART DISCLOSURE

[0002] A biosensor is a device incorporating a biolog-

ical sensing element either intimately connected to or

integrated within a transducer. Its usual aim is to pro-

duce electronic signals which are proportk^nal to the

concentration of the specific substance which has to be

determined.

[0003] Analytical advantages of biosensors consist in

their specificity* sensitivity, simple manipulatk3n. rapid

response and consequent k>w costs of analysis. These

specific and sensitive devices have been used in med-

ical diagnostics, in nnonitoring food quality and fresh-

ness, in environmental monitoring, In femrientatk>n and

analytical control, and so on.

[0004] Electrochemk:al biosensors, especially am-
perometric ones, play a significant rote in the applica-

tions of these devices. Amperometric biosensors of the

second generation, based on redox reactions, are char-

acterized by the use of chemical mediators instead of

molecular oxygen. During the transformation of a sub-

strate by a bloactive material, chemk:al mediators shut-

tle electrons from the redox centre of the bkx:atalyst it-

self to the Indicating electrode and the corresponding

amperometric signal is measured.

[0005] One of the most promising groups of chemical

mediators consists of metallocenes. and in particular

ferrocenes. The first successful enzyme electrode

based on ferrocene was prepared by Cass et al. (Anal.

Chem. 56, 667-671 , 1 984); in this glucose sensitive sen-

sor, the electrode was prepared by soaking a spongy

carbon foil with 1 ,1'-dimethylferrocene and the enzyme
glucose oxidase was chemically immobilized on the sur-

face of this electrode.

[0006] Later on, Dicks et al. {Ann. Biol. Clin. 47.

607-61 9, 1 989) prepared a gold microelectrode covered

with a polypyrrol film, on which glucose oxidase and fer-

rocene were adsorbed. However, these electrodes, hav-

ing chemical mediators adsorbed on the surface of the

device, show poor stability due to the leaking of the me-

diators out of the transducer.

[0007] Since the late 1 980s, intensive research activ-

ities were devoted to the devetopment of biosensors

based on Carbon Paste Electrodes (CPE); a carbon

paste electrode is a mixture of electrically conducting

graphite or carbon with a pasting liquid, e.g. paraffin oil,

silicon oil, Nujol etc.

[0008] This kind of electrodes has the advantage of

allowing bulk nrxxjificatbn of the elctrode material with

bkx^atalysts, as well as with other advantageous com-

ponents, essential for the effective functioning of the de-

s vice. Furthermore, bulk nrK)dificatk)n allows to create

sensors with renewable surfaces, so that each meas-

urement can be performed on a new surface of the elec-

trode, thus avoiding the drawbacks due to previous

measurement residuals.

10 [0009] A CPE is commonly prepared by mixing car-

bon or graphite powder with a biocatalyst, a chemical

mediatorand opttonally a co-factor, and by finally adding

one of the above mentioned pasting liquids. The thus

obtained paste is packed in a suitable tube, so to obtain

IS a disc electrode (L Gorton, Electroanalysis, 7. 23-45.

1 995). These bbsensors can be used for the detection

of different analytes, such as glucose, fructose, galac-

tose, ethanol, glycerol, aminoaclds, lactate, xanthines

etc. , and are based on the corresponding oxidases and
20 co-factor dependent dehydrogenases.

[0010] In EP-A-40G918 enzyme sensors are pro-

duced by mixing lk|uid binders like Iquid paraffin with

graphite or carbon.

[0011] J.EIectroanal.Chem., 1984. 176, 169-182 de-

2S scribes the influence of different pasting Wqukis on the

capacity of carbon paste electrodes.

[0012] US-A-5269891 describes electrode devices

containing non polar pasting materials. WO-A-9424548
refers to a flow injection analysis biosensor based on

30 graphite paste modified with tetracyanoquinodimeth-

ane.

[0013] Nevertheless, CPE based biosensors show
the following practical drawbacks and limitatk)ns:

3S
1) poor mechanical properties, due to their paste

creamy character imparted by the pasting liquid, of-

ten leading to easy disintegration of the system;

ii) poor compatibility of the paste with the biocata-

lytic enzyme, due to their opposite chemical prop-

^ erties (an enzyme is usually hydrophllic, while paste

is strongly hydrophobic), often leading to phase

separation (biocatalyst/transducer);

iii) leaking of the mediator out of the CPE, due to

poor compatibility of CPE with the mediator.

4S

[0014] Finally, the above mentioned features of CPE
hinder or significantly reduce the electron transfer from

the biocatalytic site to the electrode.

[0015] In attemative to the use of paste matrices for

50 the fabrication of composite enzyme electrodes, direct

modification of enzymes with chemical mediators was
carried out by A. E. G. Cass and M. H. Smit (Trends in

Electrochemical Biosensors, G. Costa e S. Miertus Ed.,

Word Scl. Publ, 25-42, 1992); in order to prevent the

ss mediator leaking out of the transducer, peroxidase was
covalently modified with ferrocenyl groups, by derivatiz-

ing the enzyme chains near the active redox centre.

[0016] Furthermore, Karube et al. recently described
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enzyme-immobilized electrodes based on electrically

conducting enzymes (EPA 0 563 795), i.e. enzymes to

which electrical conductivity is imparted by covalently

linking a chemical mediator. The electrical conductivity

of such enzymes varies depending upon the amount of 5

presence of the substrate to be detected in a specimen

sample. Chemical mediators can be attached through a

covalent bond to enzymes, such as oxidases or dehy-

drogenases, either to the proteic body (for example, to

an aminic group of a lysine residue) or to a side chain io

of the enzyme (for example, to an oligosaccharide

chain, to an alkyi chain, to a peptidic chajn linked to the

main chain, etc.).

[001 7] Nevertheless, the covalent attachment of a

mediator to the enzyme has the great disadvantage of is

changing the electrochemical properties of the mediator

itself, consequently reducing its mobility and affecting

its reaction rate with the enzyme.

[0018] Moreover, the procedures and operative con-

ditions used In the modificatton of enzymes are rather

drastic for biocataiysts; chemk:al modification can sig-

nificantly reduce enzyme activity and stability, leading

to a consequent decrease or total loss of activity, when
naturally tow-stable enzymes are used. Furthermore,

said chemical modification leads to an Increase of pro- 2S

duction costs.

[0019] Therefore, it is felt the need of devising alter-

native electrochemical biosensors, endowed with high-

er stability and efficacy with respect to the known devic-

es. .30
SUMMARY OF THE INVENTION

[0020] Now, the Applicant has unexpectedly found

new electrochemical biosensors based on composite 3S

transducers, comprising at least a solid binding maker,

as defined hereunder, able to overcome the drawbacks

of the prior art.

[0021] The biosensors of the invention comprise:

40

a) at least an electro^onducting material, in the

form of powder or grains;

b> at least a chemical mediator;

c) optk)nally. a substance capable of sorption of

said chemical mediator; ^
d) a solid binding maker, which is a compound in

solid state at room temperature, selected from the

group of chemical compounds consisting of: linear

or branched, saturated or unsaturated hydrocar-

bons, containing from 1 2 to 60 carbon atoms, pref- so

erably from 12 to 30 carbon atoms, optionally sub-

stituted with at least a group selected from -OH,

-SH.,-NH2, -CO-, -CHO, -S03H, -COOH, -OR1,

-SRI, -NR1R2 and -COOR1, wherein R1 and R2
are independently hydrocarbon groups -C^, op- ss

tionally containing one or more heteroatoms; esters

of fatty acids with glycerol; and esters of fatty acids

with cholesterol; wherein saki solid binding maker

which is In solid state at room temperature, having

a melting point comprised between 25^C and

200*'C, and

e) at least a biocatalyst. selected from the group

consisting of enzymes, cells, cellular components,

tissues, immunoproteins and DNA.

[0022] In the biosensors of the invention, said biocat-

alyst (e) can be either incorporated into the body of the

composite transducer, made up of components (a)*(d).

or applied onto the surface of said composite transduc-

er, in the form of a film layer.

[0023] The biosensor of the invention can be option-

ally covered by a suitable membrane. When sakl bio-

catalyst is an enzyme requiring the presence of the cor-

responding co-factor, the biosensors of the invention

comprise even said co-factor.

[0024] Furthermore, the present Invention concerns a

process for the preparation of a biosensor as described

above, comprising the following steps:

1 ) mixing saki electro-conducting material with said

chemical mediator;

2) optionally mixing the mixture obtained in step (1

)

with said substance capable of sprptksn of the

chemical mediator;

3) optionally mixing the mixture obtained in step (1

)

or (2) with said bkxatalyst;

4) suitably mixing the mixture obtained in step (1),

(2) or (3) with said solid binding maker;

5) introducing and optionally pressing the mixture

obtained in step (4) In a suitable holder, thus obtain-

ing a compact form;

6) when step (3) is not worked out, applying a bio-

catalytic layer onto the surface of the transducer ob-

tained in step (5);

7) optionally covering the biosensor obtained in

step (5) or (6) with a suitable membrane.

[0025] A further object of the present inventton is a

procedure for the determination of analytes concentra-

tlon'in sample solutions or suspensions, conriprising ap-

plying suitable electrode potential, contacting the bio-

sensor of the Invention with said sample solutions or

suspensions and finally masuring current changes,

which are proporttohal to the concentratton of the ana-

lyte.

DESCRIPTION OF THE DRAWINGS

[0026] Figure 1 shows a preferred embodiment of a

biosensor according to the present invention, wherein

the composite transducer 2 is cylindricaliy shaped and

Is allocated in an envelope 1 . made up of a glass or plas-

tic cylinder; a membrane or net 4 can fix the btocatalyst

to the transducer 2. In Figure 1 A, said biocatalyst Is ap-

plied onto the surface of said transducer 2 in the form

of a layer 3; in Figure IB, sakJ biocatalyst 5 is incorpo-

3
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rated into the bulk of the transducer 2.

[0027] Figures 2, 3, and 13 are cyclic voltammo-

grams obtained with transducers prepared respectively

in examples 1, 2 and 12.

[0028) Figure 4 shows the relationship between cur-

rent value and glucose concentration with the 'bulk" bi-

osensor prepared In example 3.

[0029] Figure 5 shows the relationships between po-

larization time and the relative sensitivity of the bk)sen-

sor of example 3 (curve 1) and of a similar biosensor,

not comprising a solkJ binding maker, prepared as de-

scribed in the comparative example 4 {curve 2).

[0030] Figures 6-8, 1 0, 14 and 19 show the relation-

ship between current values and glucose concentra-

tions with the bkisensors prepared respectively in ex-

amples 5-7. 9, 18 and 19.

[0031] Figures 9, 11, 12 and 16-18 show the relatk)n-

ship between current values and ethanol concentrations

with the biosensors prepared respectively in examples

8, 10. 11 and 15-17.

[0032] Figure 15 shows the relationship between cur-

rent value and fructose concentration with the biosensor

prepared in example 14.

DETAILED DESCRIPTION OF THE INVENTION

[0033] The characteristics and the advantages of the

new electrochemical biosensors based on newcompos-
ite transducers, according to the present invention, will

be better reported in the foltowing detailed description.

[0034] The bk>sensors according to the present in-

vention are capable of quantitatively determining a spe-

cific analyte contained in a sample, such as a solution

or a suspensbn, in a rapid and easy manner; further-

more, said biosensors show good mechanical proper-

ties, particularly compactness and plasticity, and do not

disgregate during the use.

[0035] These advantages are mainly due to the use

of solid binding maker as essential innovative compo-

nent of the transducer, giving solid compact mixtures

with high stability, efficient cornmunication between re-

dox center and electrode, stability of the biocatalyst and

retention of thechemk:al mediator, thus overcoming car-

bon paste drawbacks of the prior art.

[0036] According to a preferred embodiment of the bi-

osensors according to the present Inventwn, said elec-

tro-conducting material. sa\6 chemrcal mediator, said

solid binding maker and optionally said substance ca-

pable of sorption of sakl chemical mediator are mixed

together and pressed to give the composite transducer,

in the form of a compact solid mixture. The biocatalyst

can be either incorporated into the bulk of sakj compos-

ite transducer or applied onto the transducer surface in

the form of a film layer.

[0037] According to another embodiment of the bio-

sensors of the invention, the composite transducer does

not contain the chemical mediator, which is directly add-

ed to the sample solution or suspension to be tested.

[0038] Alternatively, said chemical mediator can be
contained, at the same time, in the composite transduc-

er and in the sample solution or suspension.

[0039] Said electro-conducting material, in the form of

5 powder or grains, is preferably selected from the group

consisting of metals, such as goU, platinum, palladium,

iridium, and their alk5ys, carbon and graphite. This elec-

tro-conducting material has preferably a granutometry

ranging from 0.05 to 200 fim.

10 [0040] Said chemical mediator is one of the natural

and synthetic mediators commonly used in the biosen-

sors known in art, and is preferably selected from the

group consisting of cytochromes, quinones, aminophe-

nols, electronacceptor aromatk; compounds (e.g.

IS TTF=tetrathiafulvalene and NMP=N-methylphenazi-

dum), electrondonor aromatic compounds (e.g. TC-

NQ=tetracyano-p-qulnodimethane), organk: conduct-

ing salts (e.g. TTF.TCNQ = tetrathiafulvalene

7,7,8,8-tetracyano-p-quinodimethane and NMP.TCNQ
20 = N-methylphenazinium 7,7.8,8-tetracyano-p-quin-

odimethane), organc dyes» metallocenes. organome-

tailk: complexes of Os, Ru and V. inorgank: complexes

of Fe. More preferably, said chemical mediator is fer-

rocene, 1,V-dimethyi-ferrocene, hexacyanoferrate (It)

2S or hexacyanoferrate (III).

[0041] Said substance capable of sorptton of the

chemical mediator is any substance having adsorptkm

and ionic-exchange properties, preferably selected from

the group consisting of silk:a, alumina, zeolites and
30 Nafion(B). Said substance is optionally contained in the

composite transducer of the biosensor according to the

present invention; its presence is preferred in case of

prolonged and multiple use of the bk>sensof itself.

[0042] Said soikJ binding maker is a compound which

35 is in solid state at room temperature, having a melting

point comprised between 25 and 200'*C, and more pref-

erably between 35 and 90*0 (in partk:ular. having a

melting point of 25-90*0 for bulk btosensors, and of

25-200^*0 for bk>sensors having a biocatalytk: layer ap-

40 plied onto their surface).

[0043] Said solid binding maker belongs to one of the

following classes:

i) linear or branched, saturated or unsaturated hy-

45 drocarbons, containing from 1 2 to 60 carbon atoms,

preferably from 12 to 30 carbon atoms, optionally

substituted with at least a polar group selected from

-OH, -SH. -NH2. -CO-. -CHO. -S03H, -COOH.

-OR1 , -SRI , -NR1 R2 and -COOR1 , wherein R1 and
so R2 are independently hydrocarbon groups -C30,

optionally containing one or more heteroatoms;

ii) esters of fatty acids with glycerol;

iii) esters of fatty acids with cholesterol.

55 [0044] When the solid binding maker belongs to class

(i), it is preferably hexadecanol. hexadecanone, tetra-

decylamine, eicosane or tetracosane.

[0045] When the solid binding maker belongs to class

4
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(ii)
,

It is preferably a mono, bi or triester of glycerol with

fatty acids containing from 1 2 to 24 carbon atoms; more
preferably, said solid binding maker is monostearoyi

glycerol or lecithin.

[0046] When the solid binding maker betongs to class 5

(iii) , rt is preferably an ester of cholesterol with a fatty

acid containing from 1 2 to 24 carbon atoms; more pref-

erably, said solkl binding maker is cholesteryl myristate,

cholesteryl stearate or cholesteryl oleate.

[0047] Sakl solid binding maker plays a leading role

in the composition of the composite transducer of the

biosensors of the invention; in fact, said compound is

capable of imparting improved mechanical properties to

the transducer itself, especially compactness and plas-

ticity. in comparison with the common carbon pastes of is

the prior art, where pasting liquids were used. Further-

more, said solid binding makers ensure a higher com-
patibility with the biocatalyst and the chemical mediator;

moreover, they are capable of exerting an actbn in sup-

port of the substances capable of sorptran of the chem- 20

icai mediator (the presence of which is only optional),

thus accounting to physical immobilisatbn of both the

biocatalyst and the chemical mediator.

[0048] Said solid binding maker is also able to secure
'

a suitable molecular environment within the transducer 2S

body, which allows an efficient electron transfer among
the redox centre of the biocatalyst, the chemical medi-

ator and the conducting material, and subsequently

great effectivity of the biocatalytic process, high conduc-

tivity and stability, during both storage and use. 30

[0049] Finally, thanks to said solid binding makers, it

is possible to obtain solid-state transducers according

to the desired fomris and shapes; the absence of these

binding makers leads to a drastic reduction of the bio-

sensor performance and to the loss of its mechanical 3S

properties.

[0050] Sakl bk)catalyst can be constituted of one or

more enzymes able to catalyse a redox reactkm, cells,

cellular components, tissues, immunoproteins or DNA.
[0051] Preferably, said biocatalyst betongs to one of 40

the following classes:

• enzymes preferably selected from the group con-

sisting of glucose oxkiase, galactose oxidase,, gly-

colate oxidase, alcohol oxidase, cholesterol oxi- 4S

dase, polyphenol oxidase, ascorbate oxidase,

lipoxygenase, lipoxidase, peroxidase, catalase,

xanthine oxidase, pyruvate oxidase, p-gaiactosi-

dase, invertase, cholinesterase. citrate lyase, amy-
lases and mixtures thereof; so

enzymes which require the presence of a co-factor,

. in association with said co-factor, preferably select-

ed from the group consisting of glucose dehydroge-

nase, alcohol dehydrogenase, fructose dehydroge-

nase, malate dehydrogenase, lactate dehydroge- ss

nase, mannitol dehydrogenase, glycerol dehydro-

genase, isocftrate dehydrogenase, galactose dehy-

drogenase, glucose phosphate dehydrogenase.

tartrate dehydrogenase and mixtures thereof;

cells, preferably selected from the group consisting

of Gluconobacter oxidans, Escherichia coli. As-

pergillus niger, Pseudomonas fluorescens, Trichos-

pofon bmssicae, Saccharomhes cemvisiae, Brevi-

acierium lactofermentum, Enterobacter aggbmer-
ans, Leuconostoc mesenteroides. Nocardia eryth-

ropotys and mixtures thereof;

immunoproteins and immunosystems based on an-

tibodies labelled by enzymes. When the enzyme re-

quires the presence of a co-factor, said co-factor is

preferably selected from the group consisting of

NAD, NADH, NADP, NADPH. FAD, FMM and qui-

nones. The co-factor is contained, as well as the

con'esponding enzyme, in the biosensor of the in-

vention.

[0052] In particular, according to a specific embodi-

ment, both the enzyme and the corresponding corfactor

can be contained in the bulk of saki btosensor; aftema-

tively. both the enzyme and the corresponding co-factor

can be applied onto the surface of said transducer, in

the form of a layer; otherwise, the enzyme can be ap-

plied as a layer onto the surface of said transducer, while

the corresponding co-factor is incorporated in the body
of the transducer itself.

[0053] The bbsensors of the invention can be optton-

ally covered with a suitable membrane. Said membrane
can be one of the different types of dialysis membranes
known in the state of the art. preferably based on cellu-

lose acetate or cellophane®, or it can be a membrane
based on nitrocellulose, PVC, Teflon®, Nylon, polycar-

bonates or polyesters. The quantitative composition of

the above described composite transducer, with refer-

ence to 1 00 parts by weight of the composite transducer

itself, composed of components (a)-(d). is as follows:

a) electro-conducting material: from 20 to 80%, and
preferably from 30 to 60% by weight;

b) chemical mediator: from 0.5 to 30%, and prefer-

ably from 1 to 10% by weight;

c) substance capable of sorptton of said chemical

mediator from 0 to 30%, and preferably from 1 to

20% by weight. When sakj substance is silica, alu-

mina or zeolites, from 0 to 30%, and preferably from

5 to 20% by weight; when said substance is

Nafion®, from 0 to 5%, and preferably from 1 to 3%
by weight;

d) solid binding maker from 1 0 to 80%, and prefer-

ably from 30 to 60% by weight. In the "bulk" biosen-

sors according to the present invention, the biocat-

alyst content ranges from 1 to 30% by weight, with

respect to the weight of the composite transducer.

When said biocatalyst is an enzyme requiring the

presence of a co-factor, the quantity of co-factor

ranges from 0.5 to 30%, and preferably from 3 to

10% by weight of the composite transducer.

5
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[0054] The biosensor of the present invention can be

prepared according to different shapes and geometries.

Figure 1 shows a cylindrical biosensor; however, it can

be prepared even in other geometrical shapes, such as

In the iom of parailelepipedon, sphere, plate, film,

screen printed layer and so on.

[0055] The compositetransducercan be prepared ac-

cording to the following steps:

1) said electro-conducting material is mixed with

said chemical mediator;

2) the thus obtained mixture is optionally mixed with

said substance capable of sorption of the chemical

mediator;

3) the mixture obtained in step (1 ) or (2) is suitably

mixed with said solid binding maker;

4) the mixture obtained in stage (3) is introduced

and optionally pressed in a compact form, thus ob-

taining the composite transducer. Said composite

transducer can be smoothed at the base, for exam-

ple on a sheet of common paper.

[0056] In step (3), the admixing of the solid binding

maker has to be carried out by prefefabiy mixing accord-

ing to one of the following procedures:

- vigorous mechanical mixing of all solid compo-

nents;

mixing in the presence of a suitable solvent which

is then evaporated, preferably chloroform or etha-

nol;

mixing the mixture obtained in step (1) or (2) with

the solid binding maker in melted state.

[0057] For the preparation of a preferred embodiment

of the biosensor of the inventk>n, a biocatalytk: layer can

be applied onto the base surface of said composite

transducer, as shown in Figure 1 A.

[0058] Alternatively, according to another embodi-

ment of the biosensor of the Invention, the biocatalyst

can be directly incorporated in the body of the composite

transducer, as shown in Figure 1 B, by its admixing in

step (3), thus obtaining a 'bulk' biosensor

[0059] Finally, the biosensors of the invention can be

covered by a suitable membrane, as described above.

[0060] The biosensors according to the present in-

vention show high specificity and sensitivity, and can be

advantageously used in human and veterinary diagnos-

tics, in industrial processes, in the quality control of food,

In biotechnology, in the pharmaceutk:al industry, in the

environmental monitoring arid so on.

[0061] The procedure for the detection and quantifi

cation of analytes, in sample solutbns or suspensions,

comprises applying suitable electrode potential, con

tacting a btosensor according to the present invention,

as described above, with said analytes solutions or sus

pensions and finally measuring current changes, whk:h

are proportional to the concentration of the analyte.

[0062] The folbwing examples are reported for illus-

trative, but not limitative purposes.

Example 1

5

Preparation of a transducer containing

monostearoyi glycerol as solid binding maker.

[0063] 1 g of synthetic graphite powder (AWrich, Cat.

10 No. 28, 286-3. 1 994) was added to a solution containing

62 mg of 1,1 '-dimethyl-ferrocene (Aldrich) in 5 ml of

chtoroform. The mixture was stirred at room tempera-

ture until chloroform was completely evaporated. 160

mg of the above mixture were mixed thoroughly with aiu-

is mina (20 mg, 1 [sm average particle size). Monostearoyi

glycerol (200 mg) was added and mixed.

[0064] The thus obtained mixture was introduced in a
bottomless glass tube, having an inner diameter of 2

mm, and pressed with a glass rod. The surface of the

20 electrode was smoothed on a sheet of ordinary paper

The electrk; contact was made through a copper wire.

The obtained transducer was tested by cyclic voltam-

metry under the folbwing conditions: 0.1 M sodium

phosphate, pH = 6.5, saturated with nitrogen, scan rate

2S 1 0OmV/s. instrumentatbn Amel - model 433V; saturated

catometan reference electrode (SCE), Pt counter elec-

trode. The cyclb voltamnrK)gram is shown in Figure 2.

30

Example 2

Preparation of a transducer containing

monostearoyi glycerol as solid binding maker.

[0065] Graphite powder was added to 1 , 1 '-dimethyl-

35 ferrocene, as described in Example 1. The obtained

product (200 mg) was thoroughly mixed with Nafion®

(lOOjilof 5%, Aldrich, Cat. No. 27,470-4. 1 994)andthen

with monostearoyi glycerol (200 mg). The obtained mix-

ture was Introduced In a bottomless glass tube and test-

40 ed under the conditions described in Example 1. The
cyclic voltamnrx)gram is shown in Figure 3.

Example 3

^ PreparatkMi of a "bulk" biosensor for the

determlnatton of glucose, containing monostearoyi

glycerol as solid binding maker.

[0066] Graphite powder was added to 1 , V-dimethyt-

so ferrocene, as described in Example 1. The obtained

mixture (200 mg) was thoroughly mixed with Nafion®

(100 ^1 of 5%, AkJrich, Cat. No. 27,470-4. 1994). The

obtained product (190 mg) was thoroughly mixed with

glucose oxidase (10 mg, Sigma, Cat. No. G -7016) and
55 then with monostearoyi glycerol (200 mg). The mixture

was introduced in a bottomless glass tube, having an

inner diameter of 2 mm, pressed with a metal rod and

the base surface was smoothed on a sheet of ordinary

6
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paper. Hie thus obtained biosensor was covered with a
dialysis membrane (Spectra/Por®MWCO 6.000-8.000)

by means of an Oring. The biosensor was polarized at

250 mV vs. SCE. The response of the biosensor was
recorded in a buffer solution (0.1 M sodium phosphate, s

pH = 6.5), under nitrogen stream (to avoid the effect of

oxygen), for several glucose concentrations. The rela-

tionship between glucose concentration and current

change is shown in Figure 4. The response was linear

up to the concentration of 12 mM. The equation for the io

linear part of the response is I = 0,013 + 0.364c. where

I is the current value [mA] and c is the glucose concen-

tration in mM. the coefficient of regression r being

0.9997.

[0067] The obtained biosensor underwent also stabil- is

ity tests. It was polarized at potential of 250 mV vs. SCE
in a buffered solution of glucose (4 mM). saturated with

nitrogen, and the response was recorded after various,

polarization times. The relationship between relative

sensitivity and polarization time is shown in Figure 5 20

(curve 1).

Comparative example 4

Preparation of the 'bulk" biosensor of example 3, in 2S

the absence of monoetearoyi glycerol as eolid

binding maker.

[0068] A biosensor was prepared as described in Ex-

ample 3, without adding monostearoyl glycerol as solid 30

binding maker. In order to confer consistency to the

transducer, ordinary wax was added to the mixture In-

stead of monostearoyl glycerol. The sensor underwent

stability tests, as reported in Example 3. Figure 5 (cun^e

2) shows that, in the absence of a suitable solid binding 3S

maker, the stability of the biosensor is significantly re-

duced.

Example 5

40

Preparation of a "bulk" biosensor for the

determination of glucose, containing choiesteryi

oleate as solid binding maker.

[0069] Graphite powder was added to 1 , 1 '-dimethyl- ^
ferrocene, as described In Example 1. The obtained

product (45 mg) was thoroughly mixed with alumina (10

mgj, glucose oxidase (4 mg) and choiesteryi oleate (42

mg, Sigma, Cat. No. C-9253, 1994). The obtained mix-

ture was introduced in a bottomless glass tube, having so

an inner diameter of 2 mm, and pressed with a metal

bar. The base surface was then smoothed on a sheet of

ordinary paper. The thus obtained biosensor was cov-

ered with a dialysis membrane (Spectra/PortS), MWCO
6,000*8,000) by means of an O-ring. The electrode was ss

polarized at 300 mV vs. SCE. The response of the elec-

trode was recorded in a buffer solution (0.1 M sodium

phosphate, pH = 6.5), under nitrogen stream (to avoid

the effect of oxygen), at several glucose concentrations.

The relationship between glucose concentration and
current change Is shown in Figure 6.

Example 6

Preparation of a 'bulk* biosensor for the

determination of glucose, containing lecithin as

solid binding maker.

[0070] Graphite powder was added to 1 . 1 '-dimethyl-

ferrocene, as described in Example 1

.

[0071] The obtained product (45 mg) was thoroughly

mixed with alumina (1 0 mg), glucose oxidase (4 mg) and

lecithin (30 mg. Fluka, Cat. No. 61 755, 1 993-1 994). The
obtained mixture was introduced in a glass tube,

pressed and smoothed, and the obtained biosensor was
covered with a dialysis membrane, as described above.

The obtained electrode was polarized at 300 mV vs.

SCE. The response of the biosensor was recorded in a

buffer solution (0.1 M sodium phosphate, pH = 6.5), un-

der nitrogen stream (to avoid the effect of oxygen), at

several glucose concentrations. The relatk)nship be-

tween glucose concentration and current change is

shown in Figure 7.

Example 7

Preparatton of a "bulk' biosensor for the

determination of glucose, containing monoetearoyi

glycerol as solid binding maker.

[0072] 1 g of graphite powder was added to a solution

of 62 mg of tetrathtafulvalene (AkJrk^h, Cat. No.

18,318-0, 1995) in 5 ml of chbroform, as described In

example 1 . 45 mg of the obtained product were thor-

oughly mixed with alumina (10 mg), glucose oxidase (4

mg), and monostearoyl glycerol (45 mg). The obtained

mixture was introduced in a glass tube, pressed and

smoothed, and the obtained biosensor was covered

with a dialysis membrane, as described above. The ob-

tained electrode was polarized at 300 mV vs. SCE. The

response of the electrode was recorded in a buffer so-

lution (0.1 M sodium phosphate, pH = 6.5). under nitro-

gen stream (to avoid the oxygen influence), at several

glucose concentrations. The relationship between glu-

cose concentration and current change is shown in Fig-

ure 8.

Example 8

Preparation of a "bulk" biosensor for the

determination of ethanol, containing monostearoyl

glycerol as solid binding maker.

1. Preparation of Glueonobacter ojrydana cells

[0073] Cells of Glueonobacter oxydans CCM 1783

7
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were grown in a culture medium (100 g of glycerol, 5 g
of yeast extract per 11. tap water), at 30"C. In the late

exponential phase (ODeso = 0.6). the suspension was

centrifuged (5 min at 4.500 rpm), washed three times

with a solution of NaCI (10 g/l) and dried under reduced

pressure.

2. Preparation of biosensor

[0074] Graphite powder was added to 1 , 1 '-dimethyl-

ferrocene, as described in Example 1

.

[0075] The obtained product (200 mg) was thoroughly

mixed with Nafion® (100 nl of 5%. Aldrich, Cat. No.

27.470-4, 1994). The mixture (120 mg) was thoroughly

mixed with 9 mg of the dried biomass of Gluconobacter

oxydansan6 then with monostearoyl glycerol (120 mg).

[OOTQ The obtained mixture was introduced in a glass

tube, pressed and smoothed, and the obtained biosen-

sor was covered with a dialysis membrane, as described

above. The biosensor was polarized at 250 mV vs. SCE.

The response of the biosensor was recorded in a buffer

solution (0.1 M sodium phosphate, pH=6.5), under ni-

trogen stream (to avoid the effect of oxigen). at several

ethanol concentrations. The relationship between etha-

nol concentration and current change is shown in Figure

9.

Example 9

Preparation of a biosensor for the determination of

glucose, based on a layer of glucose oxidase and
containing monostearoyl glycerol as solid binding

malcer.

[0077] A transducer was prepared as described in Ex-

ample 2. Glucose oxidase (2 )xt, 100 mg/ml) was then

applied on the base surface of the transducer After dry-

ing, the obtained biosensor was covered with a dialysis

membrane (Spectra/Portd MWCO 6,000-8,000), by

means of an O-ring. The obtained biosensor was polar-

ized at 250 mV vs. SCE. The response was recorded in

a buffer solution (0.1 M sodium phosphate, pH = 6.5),

under nitrogen stream (to avoid the effect of oxygen), at

several glucose concentrations. The relationship be-

tween glucose concentration and current change is

shown in Figure 10.

Example 10

Preparation of a biosensor for tlie determination of

ethanol, based on a layer of ceils of Gluconobacter

oxydans and containing monosteroyi glycerol as

solid binding maker.

1. Preparation of Gluconobacter oxydana cells

[0078] Cells of Gluconobacter oxvdans CCM 1783

were grown under the conditions described in Example

14

8. In the late exponential phase (ODeso = 0.6). a part of

the suspension (25 ml) was centrifuged (5 min at 4,500

rpm). washed three times with a solution of NaCI (10 g/

I) and finally resuspended in the same NaCI solution (1

s ml).

2. Preparation of biosensor

[0079] A disc of filter paper was put onto a Petri dish

10 and the paper was soaked with NaCI solutbn. A disc of

membrane for microfiltratlon (Miilipore, HA 45 ^m po-

rosity, 5 mm diameter) was put onto said soaked filter

paper and the suspension of Gluconobacter oxydans

(^0\i\) was applied onto the membrane. After suction of

IS the liquid, the disc was put onto the base surface of the

transducer, prepared as reported in Example 2, and

fixed by means of a nykjn net and of an O-ring. The bi-

osensor was polarized at 250 mV vs. SCE. The re-

sponse of the biosensor was recorded in a buffer solu-

20 tion (0. 1 M sodium phosphate, pH = 6.5). under nitrogen

stream (to avoki the effect of oxygen), at several ethanol

concentrations. The relationship between ethanol con-

centration and current change is shown in Figure 11.

2S Example 11

Preparation of a "bulk" biosensor for the

determination of ethanol, containing monostearoyl

glycerol as solid bindig maker.
30

[0080] Graphite powder was added to 1 , 1 '-dimethyl-

ferrocene, as described in Example 1. The obtained

mixture (40 mg) was thoroughly mixed with alumina (10

mg), NAD (5mg, Fluka. Cat. N* 43407. 1995-1998) and
3S alcohol dehydrogenase (3 mg, Sigma Cat, N*A-7011, .

1995). The thus prepared product was mixed with mon-
ostearoyl glycerol (42 mg). The mixture was introduced

In a glass tube, pressed and smoothed, and the ob-

tained bbsensor was covered with a dialysis mem-
40 brane, as described above. The obtained biosensor was

polarized at 250 mV vs. SCE. The response of the bio-

sensor was recorded in a buffer solution (0.5 M TRIS-

HCl buffer, pH = 8.8), at several ethanol concentrations.

The relatk>nship between ethanol concentration and
45 current change is shown in Figure 12.

Example 12

Preparatton of a transducer containing cholesteryi
so myristate as soiM binding maker.

[0081 ] 1 9 of graphite powder was added to 62 mg of

ferrocene, as described in Example 1

.

[0082] Cholesteryi myristate (200 mg, Sigma. Cat.No.

ss C-5076. 1 994) was melted in a porcelain dish, immersed

in an oil bath heated to 85 ^C. The above modified

graphite (150 mg) was added Into the melted mass and

thoroughly mixed. A PVC tip (inner diameter 2 mm, outer

8
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diameter 5 mm. length 20 mm) was used as a holder of

electrode. Into said tip. a brass stick (diameter 2 mm.
length 70 mm) was inserted to create cylindrical space

(thickness 2-3 mm). The space was filled with the melted

mass. The electrode was left to cool to room tempera-

ture and the excess of the material was cut out on a sand

paper (type P 1000), The surface was then smoothed

. on a sheet of common paper. The transducer was tested

by cyclic voltammetry. under the conditions described in

Example 1 . The voltammogram is shown in Figure 13.

Example 13

Preparation of a biosensor for the determination of

glucose, based on a layer of glucose oxidase and
containing cholesteryl myristate as solid blndlg

maker.

[0083] A solution of glucose oxidase (2 nl, 10 mg/ml)

was put and spread over the surface of a transducer,

prepared according to Example 12. After drying, the

electrode was covered by a dialysis membrane (Spec-

tra/Pof<8>, MWCO 6,000-8,000). by means of an O-ring.

The electrode was polarized at 300 mV vs. SCE. The

response of the electrode was recorded in a buffer so-

lution (0.2 M sodium phosphate buffer, pH = 8), for var-

ious glucose concentrations. The relationship between

glucose concentration and current change is shown in

Figure 1 4.

Example 14

Preparation of a biosensor for the determination of

fructose, based on a layer of fructose

dehydrogenase and containing cholesteryl

myristate as solid bindig maker.

[0084] A solution of fructose dehydrogenase (1 ^1, 1

8

mg/ml, Signria. Cat. No. F-4892, 1995) was put and
spread over the surface of a transducer, prepared ac-

cording to Example 12. After drying, the electrode was
covered by a dialysis membrane, as described above.

The electrode was polarized at 300 mV vs. SCE. The
response of the electrode was recorded in a buffer so-

lution (0.2 M sodium phosphate buffer, pH = 5.8), for

various fnjctose concentrations. The relationship be-

tween fructose concentration and current change Is

shown in Figure 15.

Example 15 so

Preparation of a biosensor for the determination of

ethanol, containing cholesteryl myristate as solid

bindig maker, supplementing the tested solutions

with a chemical mediator. ss

[0085] NAD (8 mg) was dissolved in distilled water (1

ml) and graphite powder (74 mg) was added. The ob-

tained suspension was stirred for 30 minutes at room
temperature. Water was then evaporated, under re-

duced pressure. The obtained product was added into

melted cholesteryl myristate (120 mg), thoroughly

5 mixed and then introduced into a PVC tip, underthe con-

ditions indicated in Example 12. The obtained electrode

was left to cool to room tiemperature and the excess of

the material was cut out on a sand paper (type P 1000).

The surface was then smoothed on a sheet of common
10 paper. A solutions of ADH (1 ^1, 5 mg/ml) and diapho-

rase (1,5 fxi. 50 mg/ml. Sigma. Cat.No. D-5540. 1995)

were mixed and spread over the surface of the obtained

transducer. After' drying, the electrode was covered by

a dialysis membrane, as described above. The obtained

IS electrode was polarized at 300 mV vs. SCE. The re-

sponse of the electrode was recorded in a buffer solutkxi

(0.5 M TRIS-HCI buffer, pH = 8.8). supplemented with

2mM hexacyanoferrate (III), for various ethanol concen-

trations. The relationship between ethanol concentra-

20 tion and current change is reported in Figure 16.

Example 16

Preparation of a biosensor for the determination of

25 ethanol, containing cholesteryl myristate as solid

bindig maker, supplementing the tested solutions

with a chemical mediator.

[0086] NAD (8 mg), diaphorase (6 mg) and ADH (2

30 mg) were dissolved in distilled water (1 ml) and graphite

powder (70 mg) was added. The suspensk)n was stined

for 30 minutes at room temperature. Water was then

evaporated, under reduced pressure. The obtained

product was added into melted cholesteryl myristate

3S (1 25 mg). thoroughly mixed and then introduced into a
PVC tip, under the conditions reported in Example 12.

The obtained electrode was jeft to cool to room temper-

ature and the excess of the material was cut out on a
sand paper (type P 1000). The surface was then

40 smoothed on a sheet of common paper and covered

with a dialysis membrane, as desribed above. The etec-

trode was polarized at 300 mV vs. SCE. The response

of the electrode was recorded in a buffer solution (0.5

M TRIS-HCI buffer. pH ~ 8.8) supplemented with 2 mM
4S hexacyanofenate (III), for various ethanol concentra-

tions. The relationship between ethanol concentratbn

and current change is shown in Figure 17.

Example 17

Preparation of a "bulk" biosensor for the

determination of ethanol, containing cholesteryl

myristate as solid bindig maker, supplementing the

tested solutions with a chemical mediator.

[0087] NAD (5 mg), diaphorase (4 mg), ADH (2 mg)

and graphite powder (60 mg) were thoroughly mixed in

a mortar; to the obtained mixture, cholesteryl myristate

9
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(95 mg) was added and mixed. Chloroform (80 ^1) was

added and the mixture was vigorously stirred until the

solvent was evaporated. The final product was intro-

duced into a PVC tube, having an inner diameter of 2

mm, and pressed with a metal rod. The surface was then s

smoothed on a sheet of common paper and covered

with a dialysis membrane, as desribed above. The ob-

tained electrode was polarized at 300 mV vs. SCE. The

response of the electrode was recorded in a buffer so-

lution (0.5 M TRIS-HCI buffer. pH = 8.8). supplemented io

with 2 mM hexacyanoferrate (111), for various ethanol

concentrations. The relationship between ethanol con-

centration and current change is shown In Figure 18.

Example 18 is

Preparation of a "bulk" biosensor for the

determination of glucose, containing

hexadecanone as solid binding maker.

20

[0088] 1 g of graphite powder was added to 62 mg of

ferrocene, as described in Example 1. 450 mg of the

obtained product were thoroughly mixed with a solution

of glucose oxidase (50 mg of glucose oxidase in 0.5 ml

of water) and water was evaporated under reduced 2S

pressure. 53 mg of the mixture was furtherly mixed with

melted hexadecanone (70 mg), at the temperature of

50^C. and the obtained mixture was introduced into a

PVC tip, cooled, smoothed and finally covered with a

dialysis membrane, as described in example 12. The 30

obtained electrode was polarized at 300 mV vs. SCE.

The response of the electrode was recorded in a buffer

solution (0.2 M sodium phosphate. pH = 8). at several

glucose concentrations. The relationship between glu-

cose concentration and current change is shown in Fig- 3S

ure 19 (curve 1).

Example 19

Preparation of a "bulk" biosensor for the 40

determination of glucose, containing elcosane as

solid binding maker.

[0089] A biosensor for the determination of glucose

was prepared as described in example 18, with the ex-

caption of using eicosane as solid binding maker instead

of hexadecanone. The obtained electrode was polar-

ized at 300 mV vs. SCE. The response of the electrode

was recorded in a buffer solution (0.2 M sodium phos-

phate, pH = 8). at several glucose concentrations. The so

relationship between glucose concentration and current

change is shown in Figure 19 (curve 2).

Claims ss

1 . An electrochemical biosensor comprising:

a) at least an electro-conducting material, in the

form of powder or grains;

b) at least a chemical mediator;

c) optionally, a substance capable of sorption

of said chemical mediator;

d) a solid binding maker selected from the

group of chemical compounds consisting of: lin-

ear or branched, saturated or unsaturated hy-

drocarbons, containing from 1 2 to 60 carbon at-

oms, optionally substituted with at least a group

selected form -OH. SH, -NHg -CO-. -CHO.

SO3H. -COOH, OR^, -SRi. NR1R2, and

COOR,, wherein Rl and R2 are independently

hydrocarbon groups CyC^o, optionally con-

taining one or more heteroatoms; esters of fatty

acids with glycerol, and esters of fatty acids

with cholesterol, wherein said solid binding

maker which is in a solid state at room temper-

ature, having a melting point comprised be-

tween 25*C and 200*0, and

e) at least a bkx:atalyst, selected from the

group consisting of enzymes, cells, cellular

components, tissues, immunoproteins and
DNA.

2. The electrochemical biosensor according to claim

1 , characterized by the fact that said btocatalyst Is

incorporated into the bulk of the composite trans-

ducer constituted of the components (a)-(d).

3. The electrochemu:al bk)sensor according to claim

1 , characterized by the fact that said biocatalyst is

applied, in the form of. a layer, onto the surface of

the composite transducer constituted of the compo-

nents (a)-(d).

4. The electrochemical biosensor according to any-

one of claims 1-3, characterized by being covered

by a suitable membrane.

5. The electrochemical biosensor according to claim

1 . characterized by the fact that said electro-con-

ducting material has a granulometry ranging from

0.05 to 200 tim.

6. The eictrochemical biocatalyst according to claims

1 and 5, characterized by the fact that said electro-

conducting material is a metal selected from the

group consisting of gold, platinum, palladium, irid-

ium and altoys thereof.

7. The electrochemical biosensor according to claims

1 and 5, characterized by the fact that said electro-

conducting material Is cart}on or graphite.

8. The electrochemical bbsensor according to claim

1 , characterized by the fact that said chemical me-

diator is selected from the group consisting of cyto-

10
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chromes, quinones. aminophenols, electronaccep-

tor aromatic compounds, electrondonor aromatic

compounds, organic conducting salts, organic

dyes, metallocenes. organometallic complexes of

Os, Ru and V, and inorganic complexes of Fe.

9. The electrochemical biosensor according to claim

8, characterized by the fact that said chemical me-
diator is selected from the group consisting of TTF,

NMR TCNQ. TTF.TCNQ. NMP.TCNQ, ferrocene,

1,1 '-dimethyl-ferrocene, hexacyanoferrate (11) and

hexacyanoferrate (III).

10. The electrochemical biosensor according to claim

1 , characterized by the fact that said substance ca-

pable of sorption of the chemical mediator is select-

ed from the group consisting of silica gel, alumina,

zeolites and Naflon®.

11. The electrochemical biosensor according to claim

1 , characterized by the fact that said solid binding

maker Is selected from the group consisting of hex-

adecanol, hexadecanone, tetradecylamine. ei-

cosane and tetracosane.

12. The electrochemical biosensor according to claim

1 , characterized by the fact that said solid binding

maker Is an ester of glycerol with fatty acids, select-

ed from monostearoyi glycerol and lecithin.

13. The electrochemical biosensor according to claim

1 , characterized by the fact that said solid binding

maker is an ester of cholesterol with a fiatty acid,

selected from the group consisting of cholesteryl

myrtstate, cholesteryl stearate and cholesteryl

oleate.

. 14. The electrochemical biosensor according to claim

1 , characterized by the fact that said biocatalyst Is

an enzyme, selected from the group consisting of

glucose oxidase, galactose oxidase, glycolate oxi-

dase, alcohol oxidase, cholesterol oxidase,

polyphenol oxidase, ascorbate oxidase, lipoxygen-

ase, lipoxidase, peroxidase, catalase, xanthine ox-

idase, pyruvate oxidase, p-galactosidase, inver-

tase, cholinesterase. citrate lyase, amylases and

mixtures thereof.

15, The electrochemical biosensor according to claim

1 , characterized by the fact that said biocatalyst Is

an enzyme requiring the presence of a co-factor, in

association with said co-factor, selected from the

group consisting of glucose dehydrogenase, aico-.

hoi dehydrogenase, fmctose dehydrogenase;

malate dehydrogenase, lactate dehydrogenase,

mannitoi dehydrogenase, glycerol dehydrogenase,

isocitrate dehydrogenase, galactose dehydroge-

nase, glucose phosphate dehydrogenase, tartrate

dehydrogenase and mixtures thereof.

16. The electrochemical biosensor according to claim

15, characterized by the fact that said co-factor is

5 selected from the group consisting of NAD, NAOH.
NAOP, NADPH. FAD. FMM and quinones.

17. The electrochemical brasensor according to claim

1 , characterized by the fact that said biocatalyst is

10 composed of cells, selected from the group consist-

ing of Gluconobacteroxidans, Escherichia coli, As-

pergillus niger, Pseudomonas fiuorescens, Trichos-

poron brassicae, Saccharomices cerevisiae, Brevi-

acterium lactofermentum, Bnterobacter aggiomer-
is ans, Leuconostoc mesenteroides, Nocardia eryth-

fopoiys and mixtures thereof.

18. The electrochemical biosensor according to claim

4, characterized by the fact that sakJ membrane is

20 selected from the group consisting of dialysis mem-
branes and membranes based on cellulose acetate,

cellophane®. nitrocelluk>se. PVC, TeflorKB), Nykan,

polycarbonates and polyesters.

2S 19. The electrochemical bk^ensor according to claim

1, characterized by comprising, with reference to

100 parts by weight of the mixture of the compo-

nents (a)-(d):

30 a) electro-conducting material: from 20 to 80%
by weight;

b) chemical mediator from 0.5 to 30% by

weight;

c) substance capable of sorption of said chem-
3S icai mediator: from 0 to 30% by weight;

d) solid binding maker: from 10 to 80% by

weight.

20. The electrochembal bk)sen8or according to claim

^ 19. characterized by comprising, with reference to

100 parts by weight of the mixture of the compo-

nents (a)-(d):

a) electro-conducting material: from 30 to 60%
by weight;

b) chemical mediator: from 1 to 10% by weight;

c) substance capable of sorption of said chem-
ical mediator: from 1 to 20% by weight;

d) solid binding maker from 30 to 60% by
so weight.

21. The electrochemical biosensor according to claims

1 , 10, 1 9 and 20, characterized by the fact that saki

substance capable of binding the chemical medra-
ss tor is contained in a quantity ranging from 0 to 30%

by weight, when it is silica, alumina or zeolites, and

from 0 to 5% by weight, when it is Nation®, with ref-

' erence to 1 00 parts by weight of the mixture of the

11
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components (a)-(d).

22. The electrochemical biosensor according to claim

2. characterized by the fact that said biocatalyst in-

corporated into the bulk of the composite transduc- s

er is contained in a quantity ranging from 1 to 30%
by weight, with reference to the weight of said trans-

ducer.

23. A process for the preparation of a biosensor as de- io

scribed in anyone of claims 1 -22, comprising the fol-

lowing steps:

1 ) mixing an electro-conducting material with a

chemical mediator; is

2) optionally mixing the mixture obtained in step

(1 ) with a substance capable of sorption of said

chemical mediator;

3) optionally mixing the mixture obtained in step

(1 ) or (2) with a biocatalyst; so

4) suitably mixing the mixture obtained in step

(1), (2) or (3) with a solid binding rnaker;

5) introducing and optionally pressing the mix-

ture obtained in step (4) in a suitable holder,

thus obtaining a compact form; 25

6) when step (3) is not worked out. applying a

biocatalytc layer onto the surface of the trans-

ducer obtained in step (5);

7) optionally covering the biosensorobtained in

step (5) or (6) with a suitable membrane. 30

24. The process according to claim 23, characterized

by the fact that, in step (4), said solid binding maker
is mixed with the mixture obtained in step (1 ), (2) or

(3) according to one of the following procedures: 3S

' vigorous mechanical mixing of the solid com-

ponents;

- mixing in the presence of a suitable solvent

which is then evaporated; 40

- mixing with the solid binding maker in melted

state.

25. A procedure for the determination of analytes con-

centration in a solution or a suspension, comprising: ^5

applying suitable electrode potential; contacting a

biosensor, as described in anyone of claims 1-22,

with said solution or suspension; and finally meas-

uring current changes, which are proportional to the

concentration of said anajytes. so

26. The procedure according to claim 25, characterized

by the fact that the chemical mediator is contained

in the bulk of sakj biosensor and/or in said sample

solution or suspension. ss

27. The procedure according to claim 25, useful for the

determination of analytes concentration in human

and veterinary diagnostics. In industrial processes,

in the quality control of food, in bk)technology, in the

pharmaceutical Industry and In environmental mon-
itoring.

Patentanspruche

1. Elektrochemischer Biosensor, der umfaBt

a) mindestens ein elektrlsch leitendes Material

in Form eines Pulvers Oder in Fomi von K6m-
chen (Granulat);

b) mindestens einen chemischen Vermittler

(Mediator);

c) gegebenenfalis eine Substanz, die den ge-

nannten chemischen Vermittler sori3ieren

kann;

d) einen festen Bindungs-Bildner, ausgewahit

aus der Gruppe von chemischen Verbindun-

gen, die besteht aus linearen oderverzweigten,

gesattigten oder ungesattlgten Kohlenwasser-

stoffen, die 12 bis 60 Kohlenstoffatome enthal-

ten, gegebenenfalis substituiert durch minde-

stens eine Gruppe, ausgewahit aus -OH, -SH,

-NHa, -CO-. -CHO. -SO3H, -COOH. -OR1.

-SRi, -NR^Rg und -COOR1, worin R^ und
jeweils unabhangig voneinander Ci-CsQ-Koh-

lenwasserstoffgruppen darstellen, die gegebe-

nenfalis ein Oder mehr Heteroatome enthalten;

Estem von Fettsauren mit Glycerin und Estem
von Fettsauren mit Cholesterin, wobel der ge-

nannte teste Bindungs-BIMner. der bei Raum-
temperatur in einem festen Zustand vorliegt, ei-

nen Schmelzpunkt zwischen 25 und 200"G auf-

weist, und

e) mindestens einen Brokatalysator, ausge-

wahit aus der Gruppe. die besteht aus Enzy-

men. Zellen, Zellkomponenten. Geweben, Im-

munprotelnen und DNA.

2. Elektrochemischer Biosensor nach Anspruch 1 , da-

durch gekennzek^hnet, dal) der genannte Biokata-

lysator der Masse des Verbund-Wandlers einver-

leibt wird, der aus den Komponenten (a) bis (d) be-

steht.

3. Elektrochemischer Biosensor nach Anspruch 1 , da-

duFch gekennzeichnet, daQ der genannte Biokata-

lysator in Form einer Schicht auf die Oberflache des

Verbundwandlers aufgebracht wird, der aus den

Komponenten (a) bis (d) besteht.

4. Elektrochemischer Biosensor nach einem der An-

spruche 1 bis 3, dadurch gekennzeichnet, daB er

von einer geeigneten Membran bedeckt ist.

5. Elektrochemischer Biosensor nach Anspruch 1 , da-
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durch gekennzeichnet, da3 das genannte elek-

trisch leitende Material eine Korngro3e in dem Be- .

rech von 0,05 bis 200 \m\ aulweist.

6. Eiektrochemischer Biosensor nach den AnsprO- s

Chen 1 und 5, dadurch gekenn2ek:hnet, da3 das

elektrisch leitende Material ein Metall ist, das aus-

gewahit wird aus der Gruppe, die besteht aus Gold,

Platin, Palladium. Irkjium und Legierungen davon.

10

7. Eiektrochemischer Biosensor nach den Anspru-

chen 1 und 5, dadurch gekennzeichnet, daB das ge-

nannte elektrisch leitende Material Kohlenstoff oder

Graphit ist.

IS

8. Eiektrochemischer Bbsensor nach Anspruch 1 . da-

durch gekennzeichnet. daB der genannte chemi-

sche Vermittler ausgewahit wird aus der Gruppe.

die besteht aus Cytochromen, Chinonen. Amino-

phenolen, aromatischen Elektronenakzeptor-Ver- 20

bindungen, aromatischen Elektronendonor-Verbin-

dungen, organischen Leitersalzen, organischen

Farbstoffen, Metallocenen, metallorganischen

Komplexen von Os, Ru und V und anorganischen

Komplexen von Fe. 2S

9. Eiektrochemischer Bbsensor nach Anspruch 8. da-

durch gekennzerchnet, daB der genannte chemi-

sche Vermittler ausgewahit wird aus der Gruppe,

die besteht aus TTF, NMP. TCNQ. TTRTCNQ. 30

NMPTCNQ, Fen-ocen. I.V-Dimethylterrocen. He-

xacyanoferrat(ll) und Mexacyanoferrat(lll).

10. Eiektrochemischer Bbsensor nach Anspruch 1 , da-
' durch gekennzeichnet, daB die genannte Sub- 3S

stanz, die den chemischen Vermittler sorbieren

kann, ausgewahit wind aus der Gruppe, die besteht

aus Silicagel, Aluminiumoxb, Zeolithen und Nafi-

on®.

40

11. Eiektrochemischer Bbsensor nach Anspruch 1 . da-

durch gekennzeichnet, daB der genannte teste Bin-

dungs-Bildner ausgewahit wird aus der Gruppe, die

besteht aus IHexadecanol, Hexadecanon, Tetrade-

cylamin, Eicosan und Tetracosan. ^

12. Eiektrochemischer Bbsensor nach Anspruch 1 , da-

durch gekennzeichnet, daB der genannte teste Bin-

dungs-BIMner ein Ester von Glycerin mit Fettsauren

ist, ausgewahit aus Monostearoylglycerin und Leci- so

thin.

13. Eiektrochemischer Bbsensor nach Anspruch 1 , da-

durch gekennzeichnet. daB der genannte feste Bin-

dungs-Bildner ein Ester von Cholesterin mit einer ss

Fettsaure ist, ausgewahit aus der Gruppe, die be-

steht aus Cholesterylmyristat, Cholesterylstearat

und Cholesteryloleat.

1 4. Eiektrochemischer Biosensor nach Anspruch 1 , da-

durch gekennzeichnet, daB der genannte Biokata-

lysator ein Enzym ist, ausgewahit aus der Gruppe,

die besteht aus Glucoseoxidase, Galactoseoxida-

se, Glycolatoxbase, Alkoholoxbase, Cholesterin-

oxidase, Polyphenoloxbase, Ascorbatoxbase, Li-

poxygenase, Lipoxidase, Peroxidase, Catatase,

Xanthinoxidase, Pyruvatoxidase, p-Galactosidase,

Invertase, Cholinesterase, Citratiyase, Amylasen

und Mischungen davon.

1 5. Eiektrochemischer Biosensor nach Anspruch 1 , da-

durch gekennzeichnet, daB der genannte Biokata-

lysator ein Enzym, das die Anwesenheit eines Co-

Faktors erfordert, in Assoziatlon mit dem genann-

ten Co-Faktor Ist, ausgewahit aus der Gruppe, die

besteht aus Glucosedehydrogenase, Alkoholdehy-

drogenase, Fructosedehydrogenase, Malatdehy-

drogenase, Lactatdehydrogenase, Mannitdehydro-

genase. Glycerindehydrogenase, Isocitratdehydro-

genase, Galactosedehydrogenase, Glucosephos-

phatdehydrogenase, Tartratdehydrogenase und

Mischungen davon.

16. Eiektrochemischer Biosensor nach Anspruch 15,

dadurch gekennzeichnet, daB der genannte Co-

Faktor ausgewahit wird aus derGnjppe, die besteht

aus NAD. NADH, NADP. NADPH. FAD, FMM und

Chinonen.

1 7. Eiektrochemischer Biosensor nach Anspruch 1 , da-

durch gekennzebhnet, daB der genannte Biokata-

lysator aus Zellen besteht, die ausgewahit werden

aus der Gruppe, die besteht aus Gluconobacter

oxidans, Escherichia coti, Aspergillus niger, Pseu-

domonas fluorescens, Trichosporon brassicae,

Saccharomyces cerevisiae. Brevit}acterium lacto-

fermentum, Enterobacter agglomerans, Leucono-

stoc mesenteroides, Nocardia erythropolys und Mi-

schungen davon.

1 8. Eiektrochemischer Biosensor nach Anspruch 4, da-

durch gekennzebhnet. daB die genannte Membran
ausgewahit wird aus der Gruppe, die besteht aus

Dialysemembranen und Membranen auf Basis von

Celluioseacetat, Cellophan®, Nitrocellulose, PVC,

Teflon®. Nylon, Polycarbonaten und Polyestern.

19. Eiektrochemischer Biosensor nach Anspruch 1 , da-

durch gekennzeichnet, daB er, bezogen auf 100

Gew. -Telle der Mischung der Komponenten (aj bis

(d), umfaBt:

a) 20 bis 80 Gew.-% des elektrisch leitenden

Materials;

b) 0,5 bis 30 Gew.-% des chemischen Venmitt-

iers (Mediators);

c) 0 bis 30 Gew.-% einer Substanz. dieden che-

13
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mischen Vermittler sorbleren kann; und

d) 10 bis 60 Gew.-% des festen Bindungs-Bild-

ners.

20. Elektrochemischer Biosensor nach Anspruch 19, s

dadurch gekennzeichnet, daB er. bezogen aut 100

G6W.-Teile der Mischung der Komponenten (a) bis

(d), umfaBt:

a) 30 bis 60 Gew.-% des etektrisch leitenden io

Materials;

b) 1 bis 10 G6W.-% des chemischen Vermittlers

(Mediators);

c) 1 bis 20 Qew.-% der Substanz, die den che-

mischen Vermittler sorbieren kann; und is

d) 30 bis 60 Gew.-% des festen Bindungs-BlkJ-

ners.

21. Elektrochemischer Biosensor nach den Anspru-

chen 1. 10. 19 und 20, dadurch gekennzeichnet. 20

daB die genannte Substanz, die den chemischen

Vermittler (Mediator) binden kann, in einer Menge
in dem Bereich von 0 bis 30 Gew.-% darin enthalten

ist, wenn es sich dabel um Silciumdioxid. Alumini-

umoxid Oder Zeoiithe handelt, und in einer Menge 2S

von 0 bis 5 Gew.-% darin enthalten ist, wenn es sk:h

dabei um Nafiond) handelt, jeweils bezogen auf 100

Gew.-Telle der Mischung der Komponenten (a) biis

(d).

30

22. Elektrochemischer Bk3sensor nach Anspruch 2. da-

durch gekennzeichnet, daB der genannte Biokata-

lysator, welcher der Masse des Verbundwandters

einverleibt worden ist, in einer Menge in dem Be-

reich von 1 bis 30 Gew.-%. bezogen auf das Ge- 3S

wicht des Wandlers. darin enthalten ist.

23. Verfahren zur Herstellung eines Biosensors, wie er

in einem der Anspruche 1 bis 22 beschrieben ist,

das die folgenden Stufen umfaBt: 40

1) Mischen des elektrisch leitenden Materials

mit einem chemischen Vermittler (Mediator),

2) gegebenenfalls Mischen der in der Stufe (1

)

erhaltenen Mischung mit einer Substanz. die 4S

den chemischen Vermittler (Mediator) sorbie-

ren kann;

3) gegebenenfalls Mischen der in der Stufe (1

)

Oder (2) erhaltenen Mischung mit einem Bioka-

talysator; so

4) geeignetes Mischen der in der Stufe (1). (2)

Oder (3) erhaltenen Mischung mit einem festen

Bindungs-Biklner;

5) EinfOhren und gegebenenfalls Pressen der

in der Stufe (4) erhaltenen Mischung in.einem ss

geeigneten Hatter unter Bildung einer kompak-

ten (komprimierten) Form;

6) Aufbringen einer biokatalytischen Schicht

auf die Oberflache des in der Stufe (5) erhalte-

nen Wandlers, wenn die Stufe (3) nicht durch-

gefuhrt worden ist; und

7) gegebenenfalls Bedecken des in der Stufe

(5) Oder (6) erhaltenen Bk3sensors mit einer ge-

eigneten Membran.

24. Verfahren nach Anspruch 23. dadurch gekenn-

zebhnet. daB in der Stufe (4) der genannte teste

Bindungs-Bildner mit der in der Stufe (1), (2) Oder

(3) erhaltenen Mischung unter Anwendung der fol-

genden VerfahrensmaBnahmen gemischt wird:

starkes mechanisches Durchmischen der Fest-

stoff-Komponenten;

Mischen in Gegenwart eines geeigneten L6-

sungsmittels, das dann verdampft wird; und

Mischen mit dem festen Bindungs-Bikiner im

geschmolzenen Zustand.

25. Verfahren zur Bestimmung der Analyten-Konzen-

tration In einer Losung oder Suspension, das um-

faBt das Anlegen eines geeigneten Elektrodenpo-

tentlals; das Inkontaktbringen eines Bioserisors,

wie er in einem der Anspruche 1 bis 22 beschrieben

ist, mit der genannten Losung oder Suspension;

und schlieBlich das Messen der Stromanderungen.

die proportional zur Konzentration der genannten

Analyten sind.

26. Verfahren nach Anspruch 25, dadurch gekenn-

zerchnet, daB der chemlsche Vermittler (Mediator)

in der Masse des genannten Biosensors und/oder

in der genannten Probelosung oder -suspension

enthalten Ist.

27. Verfahren nach Anspruch 25, das anwendbar ist zur

Bestimmung der Analyten-Konzentratton in Hu-

man- und Veterinar-Diagnostika, in industriellen

Verfahren, bei der Lebensmittelqualitatskontrolle,

in der Biotechnologie. in der pharmazeutischen In-

dustrie und bei der Umweltuberwachung.

Revendicatione

1 . Biocapteur dlectrochimk^ue comprenant:

a) au moins une matidre 6lectro-conductrice,

sous forme de poudre ou de grains;

b) au moins un mddiateur chimique;

c) dventuellement, une substance capable de

sorption dudit m6diateur chimique;

d) un producteur de liant solide choisi dans le

groupe formd par les composes chimiques

composes d'hydrocarbures satur^s ou insatu-

r6s, lin^airjes ou ramifies, contenant de 12 ^ 60

atomes de carbone, dventuellement substituds

14
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par au moins un groups choisi parmi ^H. -SH.

-NHg. -CO, -CHO. -SO3H, -COOH, -OR1, -

SRi, -NR1R2 et -COOR1. dans lesquels R^ et

R2 sont ind^pendamment les uns des autres

des groupes hydrocarbon6s en k C^, con- 5

tenant dventuellement un ou plusieurs hdteroa-

tomes; les esters d'acides gras avec le glycerol,

et les esters d'acides gras avec le cholesterol,

dans lesquels ledit producteur de liant solide,

qui est h T^tat soilde k la temperature ambiante, 10

ayant un point de fusion compris entre 25EC et

200EC; et

e) au motns un biocatalyseur, choisi dans le

groupe forme par les enzymes, les cellules, les

composants cellulaires. les tissus, les immuno- is

proteines et I'ADN.

2. Biocapteur eiectrochlmique selon la revendication

1 , caracterise par le fait que ledit biocapteur est in-

corpore dans la masse du transducteur composite 20

constitue par les composants (a) d (d).

3. Biocapteur eiectrochimique selon la revendication

1, caracterise par le fait que ledit biocatalyseur est

applique, sous forme de couche, sur ia surface du 2S

transducteur composite constitue des composants

{a]k{6).

4. Biocapteur eiectrochimlque selon Tune quelconque

des revendications 1 k 3, caracterise par ce qu'il est 30

recouvert par une membrane appropriee.

5. Biocapteur eiectrochimlque selon la revendication

1. caracterise par le fait que ladite matidre electro-

conductrice possdde une granulometrie comprise 3S

entre 0,05 et 200 pm.

6. Biocatalyseur eiectrochimlque selon ies revendica-

tions 1 d 5, caracterise par le fait que ladite matiere

eiectro-conductrice est un metal choisi dans le 40

groupe forme par I'or. le piatine, le palladium, i'iri-

dium et ieurs alliages.

7. Biocapteur eiectrochimlque selon les revendica-

tions 1 et 5, caracterise par le fait que tadite matiere ^
eiectro-conductrice est te carbone ou le graphite.

8. Biocapteur eiectrochimlque selon la revendication

1 , caracterise par le fait que ledit mediateur chimi-

que est choisi dans le groupe forme par les cyto- so

chromes, les quinones, les aminophenols, les com-

poses aromatiques accepteurs d'eiectrons, les

composes aromatiques donneurs d'eiectrons, les

sels organlques conducteurs, les colorants organi-

ques, les metaliocenes, les complexes organome- ss

talliques de Os, Ru et V, et les complexes inorgani-

ques de Fe.

9. Biocapteur eiectrochimlque selon la revendication

8. caracterise par le fart que ledit mediateur chimi-

que est choisi dans le groupe fonm6 par TTF, NMP.

TCNQ. TTRTCNQ, NMRTCNQ. le ferrocene, le

I.V-dtmethyl-ferrocdne, lYiexacyanoferrate (II) et

rhexacyanoferrate (III).

10. Biocapteur eiectrochimlque selon la revendication

1 , caracterise par le fait que ladite substance capa-

ble de sorption du mediateur chimique est choisie

dans le groupe forme par le gel de silice, I'alumine,

les zeolites et Nation®.

11. Biocapteur eiectrochimlque selon la revendication

1 . caracterise par le fait que ledit producteurde liant

solide est choisi dans le groupe fomne par I'hexade-

canol, Thexadecanone, la tetradecylamine. reico^

sane et la tetracosane.

12. Biocapteur eiectrochimique selon la revendication

1 , caracterise par le fait que ledit producteurde liant

solide est un esterde glycerol avec des acides gras,

choisi parmi le monostearoyie glycerol et la lecithi-

ne.

13. Biocapteur eiectrochimlque selon la revendication

1 , caracterise par le fait que ledit producteur de liant

solide est un ester de cholesterol avec un acide

gras, choisi dans le groupe forme par le myristate

de cholesteryle, le stearate de cholesteryle et I'diea-

tedecholesteryle..

14. Biocapteur eiectrochimlque selon la revendication

1 . caracterise par le fait que ledit biocatalyseur est

une enzyme, choisie dans le groupe forme par la

glucose oxydase, la galactose oxydase, la glycoiate

oxydase. I'alcool oxydase, la cholesterol oxydase,

ia polyphenol oxydase, I'ascorbate oxydase, la li-

poxygenase, la lipoxydase, la peroxydase. la cata-

lase, ta xanthine oxydase, la pyruvate oxydase, la

p-galactosidase, I'invertase, la cholinesterase. la ci-

trate lyase, les amylases et Ieurs melanges.

15. Biocapteur eiectrochimlque selon la revendication

1 , caracterise par le fait que ledit biocatalyseur est

une enzyme necessltant la presence d'un co-fac-

teur, en association avec ledit co-facteur, choisi

dans le groupe forme par la glucose dehydrogena-

se, I'alcool dehydrogenase, la fnjctose dehydroge-

nase, la malate dehydrogenase, la lactate dehydro-

genase, la mannrtol dehydrogenase, la glycerol de-

hydrogenase, I'isocitrate dehydrogenase, la galac-

tose dehydrogenase, ia glucose phosphate dehy-

drogenase, la tartrate dehydrogenase et Ieurs me-
langes.

16. Biocapteur eiectrochimlque selon la revendication

15, caracterise par le fait que ledit co-facteur est

15
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chotsi dans le groupe fonm6 par NAD, NADH, NA-

DP, NADPH. FAD. FMM et ies quinones.

17. Bicx:apteur electrochimique selon la revendication

1 . caract^risd par le fart que ledrt biocatalyseur est

compose de cellules, choisies dans le groupe forme

par Gtuconobacter oxidans, Escherichia coli, As-

pergillus nigen Pseudomonas fluorescens, Trichos-

poron brassicae, Saccharomices cerevisiae, Bre-

viacterium lactofermentum, Enterobacteraggtome-

rans, Leuconostoc mesenteroides, Nocardia

erythropolys et leurs melanges.

18. Biocapteur Electrochimique seion la revendication

4, caract^risd par le fait que ladite membrane est

choisie dans le groupe formd par Ies membranes
de dialyse et Ies membranes ^ base d'acdtate de

cellulose, de cellophane®, de nitrocellulose, de

PVC, de Teflon®, de Nylon, de polycarbonates et

de polyesters.

19. Biocapteur Electrochimique selon la revendication

1 , caractErisd en ce qu'il comprend, en rEfErence k

100 parties en poids du melange des composants

(a) 6(d):

a) une matiEre diectro-conductrice: de 20 d

80% en poids;

b) un m6diateur chimique: de 0,5 6 30% en

poids;

c) une substance capable de sorption dudit m6-

diateur chimique: de 0 6 30% en poids;

d) un producteur de liant solide: de 10 d 80%
en poids.

20. Biocapteur Electrochimique selon la revendication

19 , caractErisE en ce qu'il comprend, en rEfErence

d 100 parties en poids du mElange des composants

(a) 6(d):

a) une matiEre Electro-conductrice: de 30 6

60% en poids;

b) un mEdiateur chimique: de 1 6 10% en poids;

c) une substance capable de sorption dudit mE-

diateur chimique: de 1 k 20% en poids;

d) un producteur de liant solide: de 30 6 60%
en poids.

21. Biocapteur Electrochimique selon Ies revendica-

tions 1 , 10. 1 9 et 20, caractErisE par le fait que iadite

substance capable de lier le mEdiateur chimique est

contenue en une quantitE comprise entre 0 et 30%
en poids, quand c'est une silice, une alumine ou des

zEolites, et de 0 d 5% en poids, quand c'est Na-

tion®, en rEfErence 6 100 parties en poids du mE-

lange des composants (a) 6 (d).
*

22. Biocapteur Electrochimique selon la revendication

10
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20
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2. caractErisE par le fait que ledit biocatalyseur tn-

corporE dans la masse du transducteur composite

est contenu k raison de 1 k 30% en poids, en rEfE-

rence au poids dudit transducteur.

23. ProcEdE pour la prEparation d'un biocapteur com-

me dEcrit selon i'une quelconque des revendica-

tions 1 k 22, comprenant Ies Etapes sulvantes con-

sistant:

^)k mElanger une matiEre Electro-conductrice

avec un mEdiateur chimique;

2) k mElanger Eventuellement le mElange ob-

tenu dans i'Etape (1) avec une substance ca-

pable de sorption dudit mEdiateur chimique;

3) k mElanger Eventuellement le mElange ob-

tenu dans I'Etape (1) ou (2) avec un biocataly-

seur;

4) k mElanger de fagon appropriEe le mElange

obtenu dans I'Etape (1 ), (2) ou (3) avec un pro-

ducteur de liant solide;

5) k introduire et Eventuellement k pressor le

mElange obtenu dans I'Etape (4) dans un sup-

port appropriE. obtenant ainsi une forme com-

pacte;

6) quand I'Etape (3) n'est pas rEussie. k appli-

quer une couche biocatalytique sur la surface

du transducteur obtenu dans I'Etape (5);

7) k recouvrir Eventuellement le biocapteur ob-

tenu dans I'Etape (5) ou (6) avec une membra-
ne appropriEe.

35

40

4S

SO

ss

24. ProcEdE selon la revendication 23. caractErisE par

le fait que, dans I'Etape (4), ledit producteur de liant

solide est mElangE avec le mElange obtenu dans

I'Etape (1 ), (2) ou (3) selon I'un quelconque des pro-

cEdEs suivants:

mElange mEcanique vigoureux des compo-

sants solides;

mElange en prEsence d'un soivant appropriE

qui est ensulte EvaporE;

mElange avec le producteur de liant solide k
I'Etatfondu.

25. ProcEdE pour la dEtermination de concentrations

d'analytes dans une solution ou une suspension,

consistant: k appliquer un potentiel d'Electrode ap-

propriE; k mettre en contact un biocapteur, comme
dEcrit selon Tune quelconque des revendications 1

k 22, avec ladite solution ou suspension; et finale-

ment k mesurer des variations de courant, qui sont

proportionnelles k la concentration desdits analy-

tes.

26. ProcEdE selon la revendication 25, caractErisE par

le fait que le mEdiateur chimique est contenu dans

la masse dudit biocapteur et/ou dans ladite solution

16
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ou suspension tehantillon.

27. Proc666 selon la revendication 25. utile pour la de-

termination de concentrations d'analytes dans les

diagnostics humains et vdtdrinaires. dans les pro-

c6des industriels, dans le contrdle qualitd des ali-

ments, en btotechnologie. dans Tindustrle pharma-

ceutjque et dans la surveillance de renvironnement.
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